Introduction
============

Dengue is an acute mosquito-borne viral infection that places a significant socioeconomic and disease burden on many tropical and subtropical regions of the world.[@b1-clep-5-299],[@b2-clep-5-299] It is currently regarded as the most important arboviral disease internationally as over 50% of the world's population live in areas where they are at risk of the disease, and approximately 50% live in dengue endemic countries.[@b2-clep-5-299]--[@b6-clep-5-299]

Dengue virus
------------

There are four distinct dengue virus serotypes, all of which originate from the family Flaviviridae and genus *Flavivirus*.[@b3-clep-5-299],[@b7-clep-5-299],[@b8-clep-5-299] The serotypes are termed DENV-1, DENV-2, DENV-3, and DENV-4, and infection with any of the four viruses results in lifelong immunity to that specific serotype.[@b4-clep-5-299],[@b9-clep-5-299],[@b10-clep-5-299] Each of the four serotypes has been individually found to be responsible for dengue epidemics and associated with more severe dengue.[@b8-clep-5-299],[@b11-clep-5-299]

Dengue disease and clinical management
--------------------------------------

Dengue is a complex disease with a wide spectrum of clinical presentations, which often goes unrecognized or is misdiagnosed as other fever-causing tropical diseases.[@b12-clep-5-299],[@b13-clep-5-299] Following the period of incubation, most patients experience a sudden onset of fever which can remain for 2--7 days and is often accompanied with symptoms such as myalgia, arthralgia, anorexia, sore throat, headaches, and a macular skin rash.[@b7-clep-5-299],[@b14-clep-5-299] It is during this period that differentiating dengue from other febrile diseases proves troublesome.[@b15-clep-5-299] The majority of people experience a self-limiting clinical course, which does not progress to the severe forms of dengue, dengue hemorrhagic fever (DHF), or dengue shock syndrome (DSS). Secondary dengue infections or particularly virulent viral strains are two factors thought to be associated with increased risk of severity.[@b2-clep-5-299],[@b16-clep-5-299] In severe cases, thrombocytopenia and increased vascular permeability can result in hemorrhagic and shock complications. Currently, neither a vaccine nor specific antiviral therapy exists.[@b10-clep-5-299],[@b17-clep-5-299],[@b18-clep-5-299] However, with prompt case detection and appropriate clinical management, including initiation of intravenous rehydration, the case fatality of severe dengue can be lower than 1%.[@b11-clep-5-299] At present, due to a lack of available treatment, control of dengue focuses on effective vector control methods, which are limited.[@b10-clep-5-299],[@b19-clep-5-299],[@b20-clep-5-299]

Dengue vector and vector control
--------------------------------

The main arthropod vector for transmission of the dengue viruses is *Aedes aegypti* (*A. aegypti)*.[@b7-clep-5-299] The second, less effective vector, *Aedes albopictus (A. albopictus)*, feeds on multiple species of vertebrates, but has still been shown to be responsible for some dengue transmission.[@b8-clep-5-299] Significantly, the *Aedes* mosquitos are predominantly active during daylight hours, which poses difficulties in controlling the vector.[@b7-clep-5-299],[@b21-clep-5-299]*A. aegypti* mosquitoes are now extensively spread in both the tropics and subtropics.[@b19-clep-5-299] The mosquito is renowned for its efficient 'vectorial capacity' with a high affinity for human blood, high susceptibility to the four dengue virus serotypes, and being highly adapted to urban living.[@b8-clep-5-299],[@b20-clep-5-299],[@b22-clep-5-299],[@b23-clep-5-299]*A. aegypti* mosquitoes breed in and around houses in regular water containers or disposed water-holding vessels.[@b24-clep-5-299] Due to this location of development and their limited flight range, female *A. aegypti* tend to persist in a domesticated environment.[@b19-clep-5-299] It is for this reason that humans are presumed the main cause of spread of dengue between communities.[@b8-clep-5-299] The wider prevention and control of dengue is currently reliant on vector control methods. These include environmental, biological, and chemical vector control management strategies and methodologies.[@b19-clep-5-299]

The objectives of this paper are to review the current epidemiology of dengue worldwide as well as looking at its origins and history. Furthermore, we will attempt to elaborate on some of the reasons for the anticipated further expansion and increase of dengue in the future.

Dengue in the past
==================

Dengue has been present for centuries. The first recorded symptoms compatible with dengue were noted in a Chinese medical encyclopedia in 992 AD, however originally published by the Chin Dynasty centuries earlier (265--420 AD), prior to being formally edited.[@b25-clep-5-299] The disease was referred to as 'water poison' and was associated with flying insects.[@b26-clep-5-299] Epidemics that resembled dengue, with similar disease course and spread, occurred as early as 1635 and 1699 in the West Indies and Central America, respectively.[@b27-clep-5-299] A major epidemic occurred in Philadelphia in 1780 and epidemics then became common in the USA into the early 20th century, the last outbreak occurring in 1945 in New Orleans.[@b23-clep-5-299],[@b27-clep-5-299] The viral etiology and the transmission by mosquitoes were only finally determined in the 20th century.

The origin of the primary mosquito vector, *A. aegypti*, is debated to be from either Africa or Asia.[@b8-clep-5-299],[@b23-clep-5-299] Regardless, by 1800 it was widespread throughout urban tropical coastal cities of the world due to the use of shipping vessels with commercial expansion.[@b8-clep-5-299],[@b23-clep-5-299],[@b28-clep-5-299] These shipping vessels allowed transportation of breeding sites for the vector along with humans to complete the transmission cycle, allowing for slow but evident introduction of the virus and the mosquito to coastal destinations around the world.[@b28-clep-5-299] Epidemics were spaced by 10--40 year intervals due to this shipping mode of transport.[@b23-clep-5-299],[@b25-clep-5-299],[@b28-clep-5-299] Expansion of the disease heightened during World War II (WWII), when troops began to disperse inland and utilize modern transportation within and between countries; thus epidemic dengue became more far-reaching.[@b23-clep-5-299] By the end of the war, transportation and rapid urbanization led to increased transmission of dengue and hyperendemicity (multiple serotypes present) in most South East Asian countries, with subsequent emergence of the severe forms of dengue.[@b2-clep-5-299],[@b22-clep-5-299]

Following WWII, dengue epidemics appeared to be under control in Central and South America. The elimination of *A. aegypti*, due to collaborative efforts with the yellow fever disease control campaign initiated by the Pan American Health Organization (PAHO), effectively restricted the transmission of dengue throughout the American conti-nent.[@b3-clep-5-299],[@b8-clep-5-299],[@b22-clep-5-299],[@b29-clep-5-299] The lull in dengue epidemics in the Americas was short-lived, as the control campaign was discontinued in the 1970s. By the 1980s incidence had increased, and by 1995 pre-campaign levels were present in the Americas.[@b22-clep-5-299] Geographic expansion of epidemic dengue from South East Asia in the late 20th century saw regions in the Pacific and Americas escalate from being non-endemic with no dengue serotypes circulating, to hypoendemic (one serotype present), and some hyperendemic.[@b22-clep-5-299],[@b28-clep-5-299]

Global dengue incidence has increased precipitously over the last five decades and severe dengue cases have also expanded.[@b2-clep-5-299],[@b4-clep-5-299],[@b6-clep-5-299] Prior to 1970, only nine countries had experienced severe dengue cases, a number which has since quadrupled.[@b30-clep-5-299]

Current global situation of dengue
==================================

Up to 3.6 billion people are estimated to now live in tropical and subtropical areas where the dengue viruses have the potential to be transmitted.[@b2-clep-5-299],[@b4-clep-5-299],[@b31-clep-5-299] Global estimates vary, but regularly approximate 50 million to 200 million dengue infections, 500,000 episodes of severe dengue (DHF/DSS), and over 20,000 dengue related deaths occur annually.[@b3-clep-5-299],[@b29-clep-5-299][Figure 1](#f1-clep-5-299){ref-type="fig"} shows the geographic distribution of dengue cases reported in 2011.

In 2012, dengue was once again classified by the World Health Organization (WHO) as the 'most important mosquito-borne viral disease in the world'[@b6-clep-5-299] due to significant geographic spread of the virus and its vector into previously unaffected areas and the subsequent costly burden of disease it brings.[@b2-clep-5-299],[@b4-clep-5-299],[@b11-clep-5-299],[@b32-clep-5-299] Disability adjusted life year (DALY) estimates differ, but a 2009 estimate of DALYs lost due to dengue globally was 700,000 per year.[@b33-clep-5-299],[@b34-clep-5-299] In most countries, the main burden of this morbidity and mortality lies with children.[@b35-clep-5-299]--[@b38-clep-5-299] Dıaz-Quijano and Waldman[@b39-clep-5-299] conducted an ecological study investigating the determinants of the dengue mortality burden. Length of recognized endemicity, rainfall, and population density were all shown to be associated with dengue mortality in Latin America and the Caribbean.[@b39-clep-5-299]

A study which reviewed all nations in the Americas (with available data from the PAHO, 2000--2007) estimated an aggregate annual cost of dengue for the Americas at US\$2.1 billion.[@b29-clep-5-299] Approximately 60% of this cost related to indirect or 'productivity' losses, and the figure notably excluded prevention costs.[@b29-clep-5-299] A study of twelve countries in South East Asia (using available data from 2001--2010) showed an aggregate annual economic burden of US\$950 million amongst the studied nations, with approximately 52% of these costs coming from productivity loss.[@b40-clep-5-299] This figure again excluded necessary prevention and vector control costs.[@b40-clep-5-299]

Due to poor disease surveillance, low level of reporting, low case fatality rate, difficulties in diagnosis, and inconsistent comparative analyses, the true incidence and impact of dengue is likely significantly higher than that which is currently reported.[@b2-clep-5-299],[@b18-clep-5-299],[@b41-clep-5-299] Thus, the true global burden of disease and associated economic impact is unknown.[@b6-clep-5-299] However, Brady et al[@b42-clep-5-299] have conducted the first of a series of steps in evidence consensus mapping of global dengue incidence to better determine the population at risk. Their 2012 publication suggested an 'upper bound' total of 3.97 billion people living in 128 countries are at risk of dengue globally, 824 million in urban residences, and 763 in peri-urban residences.[@b42-clep-5-299] The same group published again in April 2013 using cartographic approaches. These data suggested 390 million dengue infections occur annually worldwide, including both apparent and inapparent infections, almost double the highest figure regularly reported to date.[@b43-clep-5-299]

Despite the level of uncertainty on total numbers, we have evidence today that every WHO region now has dengue transmission and that there are more than 125 dengue endemic countries globally.[@b5-clep-5-299],[@b31-clep-5-299] Here we will review available data on dengue endemicity by WHO region.

WHO Southeast Asia (SEA) region
-------------------------------

It is evident that dengue is now a worldwide concern; however, almost 75% of the global population exposed to dengue live in Asia-Pacific.[@b6-clep-5-299],[@b8-clep-5-299] 1.3 billion of these at-risk individuals live in ten dengue endemic countries in SEA, and dengue is a leading cause of hospitalization and death in children from the region.[@b8-clep-5-299],[@b28-clep-5-299] The rates of disease reported in each of the SEA countries varies as they include either laboratory confirmed, probable, or suspected cases.[@b40-clep-5-299] However, it is clearly evident from data collated by WHO that, in SEA, an overall expansion of dengue has occurred over the last decade.[@b8-clep-5-299] In 2003, eight countries in SEA had reported cases of dengue and, by 2009, all SEA member countries excluding the Democratic People's Republic of Korea reported indigenous cases.[@b6-clep-5-299],[@b8-clep-5-299] Epidemics continue to persist on regular 3--5 year cycles throughout SEA, and the number of reported cases continues to increase along with the severity of cases in many member countries.[@b40-clep-5-299] 187,333 dengue cases were reported to WHO in 2010 from the region.[@b31-clep-5-299] Eight SEA countries are now also classified as hyperendemic with all four of the dengue virus serotypes present.[@b8-clep-5-299] Severe dengue is endemic in most SEA countries, with rates of severe dengue being 18 times higher in this region compared with the Americas.[@b6-clep-5-299],[@b8-clep-5-299],[@b40-clep-5-299]

WHO Western Pacific region
--------------------------

The WHO Western Pacific and SEA regions combined are attributed 75% of the global dengue disease burden.[@b19-clep-5-299],[@b31-clep-5-299] The number of reported cases of dengue has increased continuously over the past decade in the Western Pacific.[@b44-clep-5-299] 353,907 dengue cases and 1073 deaths were reported in the region as a whole in 2010.[@b31-clep-5-299],[@b44-clep-5-299]

In the Asian subregion of the WHO Western Pacific region, the greatest burden of dengue currently originates from Cambodia, the Lao People's Democratic Republic, Malaysia, the Philippines, Singapore, and Vietnam.[@b44-clep-5-299] The number of reported cases increased in each of these nations over the past ten years, and all four serotypes have been identified in these high disease-burden settings.[@b44-clep-5-299] From the Pacific subregion, 91% of reported cases came from French Polynesia, New Caledonia, Vanuatu, and Australia.[@b44-clep-5-299] Two dengue virus serotypes were reintroduced from the Americas to the Pacific Islands in 1964 (DENV-3) and in 1971 (DENV-2), following a 25 year absence.[@b2-clep-5-299],[@b27-clep-5-299] The next decade saw gradual introduction of all four serotypes from Asia, which remain in circulation today.[@b44-clep-5-299] As a result, island nations in the Pacific show a particular susceptibility to dengue epidemics and severe dengue.[@b6-clep-5-299] In Australia, dengue activity, including indigenous outbreaks, occur in Northern Queensland where *A. aegypti* is present.[@b10-clep-5-299],[@b44-clep-5-299] In 2009 and 2010, more than 1000 cases of dengue were reported in Australia.[@b44-clep-5-299]

WHO region of the Americas
--------------------------

Despite the absence of dengue transmission in the middle of the 20th century, almost all countries in the Americas now have hyperendemicity with indigenous dengue transmission.[@b6-clep-5-299] Epidemics occur cyclically in the region every three to five years, as they do in SEA, with increasing frequency and size, particularly in Latin America.[@b19-clep-5-299],[@b29-clep-5-299],[@b31-clep-5-299] In 2010, more than 1.6 million cases of dengue were reported in the Americas alone, 49,000 of these being severe dengue.[@b5-clep-5-299] Only two countries in Latin America remain to be without indigenous transmission, Uruguay and Continental Chile.[@b45-clep-5-299] Locally acquired cases of dengue have also now been reported in the USA.[@b31-clep-5-299] Due to the resurgence of dengue and its vector in the Americas over recent decades, PAHO has once again launched an initiative targeting vector control and prevention in the region.[@b19-clep-5-299] The 'Integrated Management Strategy for Dengue Prevention' is striving to reduce the disease and economic burden that dengue places currently on the Americas.[@b6-clep-5-299],[@b45-clep-5-299]

WHO African region
------------------

Little has been known or reported about the situation in Africa amidst the geographic spread of dengue worldwide.[@b6-clep-5-299],[@b13-clep-5-299] Despite dengue not being officially reported to WHO by African countries and the probable under-recognition of dengue, evidence suggests that outbreaks are increasing in size and frequency in the region.[@b3-clep-5-299],[@b6-clep-5-299],[@b12-clep-5-299] Available outbreak data suggest 22 African countries reported sporadic cases or outbreaks between 1960 and 2010.[@b6-clep-5-299],[@b13-clep-5-299] Amarasinghe et al[@b13-clep-5-299] conducted a review of existing databases and literature in 2011 that showed dengue transmission is endemic in 34 countries in the African region. 22 of these countries reported local disease transmission, 20 reported lab-confirmed cases, and two reported clinical cases alone.[@b13-clep-5-299],[@b31-clep-5-299] No 'local' reports of dengue occurred in the remaining 12 countries, only in travelers returning to non-endemic countries.[@b13-clep-5-299] All four dengue virus serotypes have been seen in Africa, however, DENV-2 appears to have caused most epidemics.[@b13-clep-5-299] Notably, in 2009, the Cape Verde archipelago had a large dengue outbreak involving more than 17,000 cases and linked to DENV-3.[@b46-clep-5-299],[@b47-clep-5-299] Due to the significant endemicity of malaria throughout the African region, the majority (\>70%) of 'febrile illnesses', including dengue, are likely to be misdiagnosed and treated as malaria.[@b13-clep-5-299] This negatively impacts attempts to draw a comprehensive picture of the epidemiology of dengue in the region and establish regular surveillance, outbreak monitoring, and relevant prevention and control activities.[@b6-clep-5-299],[@b13-clep-5-299]

WHO European region
-------------------

The last reported epidemic of dengue in Europe was between 1926 and 1928 in Greece.[@b6-clep-5-299] This epidemic implicated *A. aegypti* as the predominant vector and saw high mortality of cases. No dengue transmission had been reported since this time until *A. albopictus* became established in Europe in the 1990s as a result of increasing global trade of used tires.[@b5-clep-5-299],[@b6-clep-5-299],[@b30-clep-5-299] Today, there is a very real and apparent threat of dengue outbreaks in Europe. Imported cases in travelers are seen frequently and, in 2010, local transmission of dengue was reported in both Croatia and France.[@b5-clep-5-299],[@b6-clep-5-299] The Madeira Islands of Portugal have been in the midst of an outbreak since October 2012. This outbreak had resulted in 2164 cases by February 2013, with 78 imported cases from recent travelers to Madeira detected in 13 other countries throughout Europe.[@b5-clep-5-299],[@b48-clep-5-299],[@b49-clep-5-299] Thus, despite Europe being free of dengue for the majority of the 20th century, the global expansion of dengue is finally impacting the region.

WHO Eastern Mediterranean region
--------------------------------

In the Eastern Mediterranean region, dengue is classified as an 'emerging disease'.[@b6-clep-5-299] Cases have only been officially reported to WHO for the last 2 decades, during which time three countries -- Saudi Arabia, Pakistan, and Yemen -- have had multiple outbreaks.[@b6-clep-5-299] For example, in 2011, the city of Lahore in Pakistan experienced a major dengue outbreak associated with 21,685 confirmed cases and 350 deaths, mainly due to DENV-2.[@b50-clep-5-299],[@b51-clep-5-299] Smaller outbreaks involving multiple serotypes of dengue virus are now being reported more frequently from countries such as Sudan, Djibouti, and Somalia.[@b6-clep-5-299] This highlights the probable geographic expansion of dengue within the Eastern Mediterranean Region, as with elsewhere globally.

Dengue in the future
====================

Many experts hypothesize that dengue will increase in the future, including geographic expansion, incidence and reporting to WHO.[@b10-clep-5-299],[@b23-clep-5-299],[@b52-clep-5-299],[@b53-clep-5-299] It is therefore important to elaborate on some of the potential factors that drive dengue activity, as well as the global strategic direction to address this growth.

Viral evolution
---------------

Dengue viruses have been cataloged as having a low, medium, or high epidemiological impact according to their likelihood for human transmission and the clinical severity of dengue epidemics.[@b54-clep-5-299] In other words, some viruses largely prevail in sylvatic cycles among non-human primate populations, rarely transmitting to humans, while others are the viral agents causing mild dengue fever.[@b54-clep-5-299] Still other genotypes having higher virulence correlate with cases and epidemics characterized by more severe disease manifestations.[@b54-clep-5-299] For instance, there are some DENV-2 and DENV-3 genotypes found more commonly in the Americas which are known to be comparatively less virulent than Asian genotypes of the same serotype, as evidenced by reduced growth in both mosquitoes and culture.[@b10-clep-5-299],[@b54-clep-5-299] Wang et al[@b55-clep-5-299] demonstrated that domain III may play a role in viral adaptation to naïve hosts, whether mosquito or human, through analysis of modifications to the envelope protein postulated to correlate with endemic and/or epidemic emergence.[@b55-clep-5-299] Genotypes with greater virulence are driving out virus strains of lesser epidemiological impact, as evidenced by phylogenetic and epidemiological analyses.[@b23-clep-5-299],[@b54-clep-5-299]

Climate change factors
----------------------

Temperature is known to play a role in adult vector survival, viral replication, and infective periods.[@b23-clep-5-299],[@b56-clep-5-299]--[@b58-clep-5-299] Increases of temperature may result in increased survival and or migration of vectors into previously non-endemic geographic areas outside the tropics.[@b53-clep-5-299] As the proliferation of *Aedes* mosquitoes is climate dependent, climate or meteorological factors can potentially provide useful information in predictive models. Weather variability has shown to be predictive of dengue activity.[@b57-clep-5-299]--[@b61-clep-5-299] According to the Intergovernmental Panel on Climate Change, mean temperatures are predicted to rise globally.[@b62-clep-5-299] This may create climatic and environmental conditions conducive to the proliferation of *Aedes* species in areas that are currently non-endemic. The climatic suitability of many currently non-endemic areas and climatic similarity with endemic areas suggests that both *A. aegypti* and *A. albopictus* could become established or reestablished in the near future.[@b63-clep-5-299] A study conducted in the Southwest Pacific suggested that global temperature increases observed over the last four decades corresponded with increased risk of dengue outbreaks.[@b64-clep-5-299] Some studies on climate change and dengue show possible increase in transmission due to higher temperatures, humidity, and precipitation associated with changes in climate.[@b53-clep-5-299],[@b61-clep-5-299],[@b65-clep-5-299] This supports the notion that observed climatic changes, including increased average global temperature and increased humidity, theoretically increase the epidemic potential of dengue.[@b66-clep-5-299],[@b67-clep-5-299] Based on long-term average vapor pressure prediction, climate change and population projections, Hales et al[@b53-clep-5-299] predicted that approximately 50%--60% of the global population would be living in areas at risk of dengue transmission by 2085. If climate change did not occur as projected or was not taken into the model, only 35% would be at risk.[@b53-clep-5-299]

The individual role climate change plays in the last decades' resurgence of dengue remains uncertain and is an area of current modeling research.[@b67-clep-5-299] Some authors also argue against climate as the main driver for dengue expansion. Beebe et al[@b68-clep-5-299] concluded from their Southeast Australian study that an increased risk of *A. aegypti* range expansion in Australia was due to the human adaptation of installing large domestic water storing containers as a response to persisting regional drying, rather than due to climate change itself.[@b68-clep-5-299] Furthermore, dengue and yellow fever caused multiple epidemics in the southern parts of the USA in the 18th, 19th, and early 20th centuries. Their eventual control was not due to a change in climate, but rather due to changes with industrialization and modernization.[@b56-clep-5-299],[@b63-clep-5-299]

Globalization, travel, and trade factors
----------------------------------------

While climate change alone may not be a comprehensive and sufficient causal factor in the current and ongoing expansion of dengue, broader 'global change' may be.[@b69-clep-5-299] The 'global change' framework seeks to account for multiple factors of the modern world contributing to vector-borne communicable disease.[@b69-clep-5-299] Modern contributing factors to the rapid expansion of vector-borne communicable disease include globalization factors, such as travel and trade, associated with vector accommodating trends in modern human settlement and suitable climate conditions.[@b2-clep-5-299] The contributions of increased mobility, both of vector and human populations, may be the most important variable to explain the recent increase in dengue transmission.[@b2-clep-5-299]

Climate and human settlement factors may enable and explain the risk of introduction or reintroduction of dengue into non-endemic zones where they border areas of endemic transmission. For other areas, further outside the tropics, the slight expansion due to climate change and human-vector interactions pale in comparison to factors of globalization. Globalization has been a main contributor and result of recent global economic development, creating a global ecosystem of exchange.[@b2-clep-5-299] The current global reality is one of international passenger travel and intercontinental exchange of goods.[@b23-clep-5-299] By 2011, passenger air travel saw a 40-fold increase compared to the middle of the 20th century with ever increasing travel to and from dengue endemic areas.[@b2-clep-5-299] Human travel by those infected with dengue is thought to be the main driver of global transmission and expansion of the disease.[@b2-clep-5-299],[@b66-clep-5-299] Modern transport accounts for importation of dengue by overcoming natural barriers of travel time and geography, which had previously limited expansion from endemic areas into non-endemic areas.[@b70-clep-5-299] A recent model on the geospatial distribution of transmission via passenger air travel identified routes on which importation of dengue was an increased risk.[@b70-clep-5-299] Increased risk routes between the USA and Latin America, and also between Europe and Asia, were identified, ranked, and correlated with increased geographical distribution of the secondary dengue vector, *A. albopictus*.[@b70-clep-5-299] Intercontinental air travel between areas within the tropics has resulted in transmission of all four dengue virus serotypes in some areas.[@b2-clep-5-299],[@b23-clep-5-299] Overcrowded airports located in the tropics function as the ideal urban breeding ground and distribution point for dengue viruses within and outside current areas of transmission.[@b2-clep-5-299],[@b70-clep-5-299]

As the global community trades and travels more and more, so too do communicable and vector-borne diseases.[@b2-clep-5-299] Further globalization factors, which are contributing to expansion of dengue transmission and risk of importation of dengue, include not only travel, but also trade. International transport of cargo and goods, especially via commercial sea shipment, can also export and import dengue's primary and secondary vectors, *A. aegypti* and *A. albopictus*, respectively.[@b64-clep-5-299] Transatlantic transport of used auto tires has been linked with the introduction of exotic American mosquito varieties into Italy, which contributed to other vector-borne disease epidemics.[@b64-clep-5-299],[@b69-clep-5-299],[@b71-clep-5-299] Given the vectors' suitability to breed and survive sea travel within water collected in a tire, their transport has contributed to a major public health threat in the last few decades, and this will only increase as more automobiles are consumed globally.[@b72-clep-5-299]

Settlement and socioeconomic factors
------------------------------------

Given the critique regarding climate as an independent factor in the observed expansion of dengue transmission, recent approaches seek to combine climate data with projected societal changes, including increased population and economic development in tropical and subtropical areas.[@b52-clep-5-299],[@b57-clep-5-299] While suitable climate factors are necessary to permit the resurgence and expansion of dengue transmission observed over the last 5 decades, human factors, including increasing global population, urbanization, and socioeconomic constraints on control measures, also contribute. Trends in current human settlement, together with rapidly expanded urban areas, exploding population density, and limited socioeconomic resources, suggest that the human factors, in addition to climate factors, may be necessary components in understanding current and future risks of dengue transmission.[@b2-clep-5-299],[@b52-clep-5-299] Settlement and socioeconomic factors combine with climatic suitably and globalized travel and trade to suggest that human populations and their collective actions strongly contribute to the transmission of dengue, in addition to mosquito vectors.

### Settlement factors

Human factors, including both urban and rural settlement patterns, contribute to currently observed trends of increased incidence and expansion of dengue transmission. Rapid urbanization and population growth have been identified as strong contributing factors to the increase of global dengue transmission and geographic expansion.[@b2-clep-5-299],[@b23-clep-5-299] These two factors, particularly in low- and middle-income countries in tropical and subtropical regions, often precede the construction of necessary infrastructures for safe and comprehensive collection, storage, and disposal of water.[@b69-clep-5-299] Urban and suburban development may also provide new man-made breeding sites in the built environment, prior to human inhabitants occupying them. This has been shown even in well planned and financed situations such as the urban development endeavors in Putrajaya, Malaysia.[@b73-clep-5-299] In this manner, rapid urbanization facilitates the creation of urban breeding sites for the most potent dengue vector, *A. aegypti*.[@b74-clep-5-299]*A. aegypti* thrives in urban environments in that the mosquito breeds preferentially in the artificial containers often used in urban water collection.[@b2-clep-5-299] The increased density of both mosquito and human populations, as part of urban population growth, compounds this effect in terms both of vector suitability and transmission of dengue.[@b2-clep-5-299],[@b75-clep-5-299] While current research and policy interventions often treat dengue expansion as a phenomenon associated with urban human settlement, the incidence of the disease in rural areas is also on the rise. Some studies suggest that rural dengue incidence can even surpass urban and semi-urban communities within the same region.[@b76-clep-5-299],[@b77-clep-5-299] One such study in Cambodia found rural incidence to be 71/1000 person-seasons compared to urban incidence of 17/1000 person-seasons during an outbreak of DENV-3 in 2007.[@b77-clep-5-299]

Previous and ongoing underestimation of rural incidence may be attributable to similar vector-suitable breeding sites between some regions' urban-poor and rural communities. In addition, growing interconnectivity between rural and urban areas via increasing road infrastructure, combined with decreased access to diagnostics and surveillance may act as a silent conduit for rural dengue transmission and greater underestimation of rural incidence compared to more urban areas.[@b77-clep-5-299] The significant role and mechanisms of human involvement in creating a conducive ecology for dengue transmission, in addition to climate environmental factors, is being increasingly considered and modeled in current research.[@b66-clep-5-299],[@b67-clep-5-299]

### Socioeconomic factors

Historical dengue incidence and decline in Europe and the US, among other areas, suggests the role of socioeconomic development on dengue transmission and control.[@b2-clep-5-299],[@b53-clep-5-299],[@b63-clep-5-299] Multiple studies compared dengue endemicity and seroprevalence between neighboring border cities in Northern Mexico and Southern Texas. These highlight the importance of socioeconomic factors on the transmission of dengue, where climatic suitability was similar.[@b78-clep-5-299]--[@b81-clep-5-299] In one such comparative cross-sectional study from 2004, current dengue seroprevalence was found to be 7.3% in Matamoros, Mexico, but only 2% in Brownsville, Texas, just across the border in the USA.[@b78-clep-5-299] Another similar serosurvey in 2005 suggested an even greater disparity between dengue incidence in Matamoros and Brownsville, reporting current dengue infection in 32% and 4%, respectively, of the 273 study participants and estimating past dengue infection prevalence in 77% and 39%, respectively.[@b80-clep-5-299] Key similarities observed among both cities included climate and geography, vector mosquito habitat and density, and human host social factors, for instance household size, use of insect screens, and basic sanitation.[@b78-clep-5-299]--[@b81-clep-5-299] Socioeconomic and behavioral factors including income, water storage, usage of air-conditioning, waste disposal, and cross-border travel differed sustainably, as did dengue prevalence.[@b78-clep-5-299]--[@b81-clep-5-299] In endemic areas, including the USA--Mexico border, more favorable socioeconomic factors resulting in higher utilization of air conditioning and domestic screening, as well as improved water and waste disposal infrastructure, are recommended to reduce larvae breeding sites and dengue transmission.[@b78-clep-5-299]--[@b81-clep-5-299] Environmental management that aims to reduce, remove, and displace breeding sites from urban areas is recognized as a key mechanism to control dengue transmission.[@b69-clep-5-299]

Global strategic direction
--------------------------

In light of the potential for continued expansion of dengue globally, it is essential to reflect on policy and strategic direction that attempts to reduce the impact of this disease. Dengue has been classified as a 'neglected topical disease,' based on the historical lack of coordinated efforts, political will, and research attention despite the significant disease, social, and economic burden it places internationally.[@b6-clep-5-299],[@b82-clep-5-299],[@b83-clep-5-299] This classification has encouraged prioritization of dengue via the WHO's Global Strategy for Dengue Prevention and Control, 2012--2020.[@b6-clep-5-299] The overall goal of this multi-sectoral strategy is 'to reduce the burden of dengue'.[@b6-clep-5-299] The document also defines objectives, technical elements, and enabling factors for effective implementation such as advocacy, partnership, coordination, and collaboration. The need to gain improved dengue disease burden estimates is one of three key objectives identified for dengue control with a timeframe for completion of 2015. More accurate epidemiological and surveillance data will enable further political prioritization for the currently 'neglected' disease.[@b6-clep-5-299] It would also enable improved decision making and rational allocation of financial, research, and other resources to the areas of greatest need.[@b6-clep-5-299],[@b13-clep-5-299] For example, epidemiological data will be essential in planning funding, allocation, and distribution of dengue vaccines that could potentially become available in the next decade.[@b6-clep-5-299],[@b19-clep-5-299]

Sustainable vector control is one technical element of the Global Strategy for Dengue Prevention and Control, 2012--2020.[@b6-clep-5-299] In light of limited therapeutic strategies and the current lack of a vaccine, effective vector control methods are an essential component of the strategic direction to reduce dengue mortality and morbidity by 2020.[@b6-clep-5-299],[@b19-clep-5-299] Integrated Vector Management (IVM) is the strategic approach promoted to countries by the WHO as a rational, cost-effective, and optimal decision-making process for vector control programs.[@b6-clep-5-299],[@b84-clep-5-299] For dengue vectors, this involves using a combination of approaches incorporating key elements of social mobilization, integration of chemical and non-chemical control methods targeting areas of high human-vector contact, evidence based decision-making guiding research and policy, as well as capacity building.[@b84-clep-5-299] Utilizing an effective integrated vector control strategy will aid in reduction of dengue transmission and the resulting disease burden.

Some researchers suggest dengue prioritization has now evolved and query how long it will be classified a 'neglected' disease.[@b73-clep-5-299],[@b82-clep-5-299] Furthermore, the impact of dengue has now progressed beyond those living in poverty as wealthier urbanized populations also have endemic dengue.[@b6-clep-5-299],[@b73-clep-5-299],[@b82-clep-5-299],[@b85-clep-5-299],[@b86-clep-5-299] Whilst this expands the experience and relevance of dengue to a broader group, the resulting impact on dengue control and future epidemiology is currently unknown.[@b82-clep-5-299] Irrespective, the poverty-promoting aspects of dengue, such as reduced economic potential with days off school and work, persist in the majority of dengue endemic settings.[@b34-clep-5-299] Perhaps, with continued expansion alongside improved epidemiological information, further prioritization and coordination of resources will be encouraged and we may see the objectives of the WHO 'Global Strategy' met by 2020.

Conclusion
==========

Dengue is now endemic in more than 125 countries globally.[@b5-clep-5-299],[@b31-clep-5-299] Reasons for the currently observed and predicted expansion are multifactorial. They may include climate change, virus evolution, and societal factors such as rapid urbanization, population growth and development, socioeconomic factors, as well as global travel and trade.[@b23-clep-5-299],[@b52-clep-5-299]

There is no antiviral therapy or vaccination available for dengue at this time, leaving only early detection and symptomatic treatment with fluid resuscitation essential for management of severe cases.[@b19-clep-5-299] As a result of limited therapeutic strategies, effective vector control methods are essential and are therefore promoted globally by the WHO through the strategic approach of IVM.[@b6-clep-5-299],[@b84-clep-5-299] For dengue, this approach targets the *Aedes* genus of mosquito in settings where high levels of human-vector contact occur.[@b84-clep-5-299] The WHO Global Strategy for Dengue Prevention and Control, 2012--2020, highlights the need for improved estimates of the true burden of dengue disease globally due to the currently presumed under-representation.[@b6-clep-5-299] Surveillance and reporting is paramount for effective dengue control, and more accurate quantification of the impact of dengue globally will allow improved political, financial, and research prioritization as well as informed decision making and enhanced modeling.[@b2-clep-5-299],[@b18-clep-5-299],[@b40-clep-5-299],[@b43-clep-5-299],[@b87-clep-5-299]

The known social, economic, and disease burden of dengue internationally is alarming and it is evident that the wider impact of this disease is grossly underestimated.[@b2-clep-5-299],[@b29-clep-5-299] An international multi-sectoral response, such as that outlined in the WHO Global Strategy for Dengue Prevention and Control, 2012--2020, is now essential to reduce the significant influence this disease projects globally.[@b6-clep-5-299]
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